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(54) Title: UNDERWATER TREATMENTS 
(57) Absoract 

An electiosurgical inscnnnent, for treatment d tissue in the pres- 
ence of an electrically-conductive fluid medhun, comprises an instrument 
shaft (10), and an electrode assembly (12) at one end of the shaft. Tlic 
elccirode assembly (12) comprises a tissue treatmem electrode (14) and a 
return clecnodcdS) which is electricaBy insulated from the tissue ocanncm 
electrode by means of an tiM w Iafion member (t6>. The dstue treamient elec- 
trt)de (14) has an exposed end (I4e) extending Uuerally through a cut-out 
(]6a) prvnoded in the insulation member (16) at the distal end portion of 
the instremcnL Hjc icnmi electrode (18) has a fluid contact suifece (18a) 
which overlies die insulation member (16) in the region of the cut-out (16a). 
The fluid contact surface (18a) is spaced from die tissue treatmem electrode 
(14) in such a manner as to define, in use, a comhictsve fluid path that com- 
pletes an electrical circuit between die tissue treannem electrode and djc 
return electrode (18). 
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UNDERWATER TREATMENTS 

This invention relates to an elearosurgical insimment for the treatment of tissue in the 
5 presence of an elearicaily-<onduaK*e fluid medhun. to electrosurgica] apparatus including 
such an instrument, and to an electrode unit for use in such an instrument. 

Endoscopic eiearosurgery is useful for treating tissue in caxities of the body, and is 
normafiy performed in the presence of a distension medium. WHten the distension medhim 

10 is a liquid, this is commonly referred to as imdertvaier dearosurger>'. this term denoting 
electrosuruerx* in which lt\*inu tissue is treated using an electrosurgical instrument with a 
treatment elearode or electrodes imntersed in liquid at the operation site. A gaseous 
meditmt is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuhable. as 

1 5 is often the case in laparoscopic or gastroenterological surger>* 

Underwater surget>' is commonly performed using endoscopic techniques, in u^ch the 
endoscope itself may provide a conduit (commonly referred to as a working channel) for 
the passage of an electrode Alternatively, the endoscope rtay be specifically adapted (as 

20 in a rcsectoscopei to mcludc means for mounting an elearode. or the elearode may be 
introduced into a body cavity via a separate access means at an angle with respect to the 
endoscope - a technique commonly referred to as triangulanon These variations in 
technique can be subdivided by surgical speciality, where one or other of the techniques 
has particular advantages given the access route to the specific bod\' cavity. Endoscopes 

25 with tmegral working channels, or those charaaerised as reseaoscopes. are generally 
employed when the body cauty may be accessed through a natural body opening - such 
as the cenical canal to access the endonrtetrial cavity of the uterus, or the urethra to access 
the prostate gland and the bladder. Endoscopes spectficalK* designed for use in the 
endometrial ca\-iiy arc referred to as hysteroscopes. and those designed for use in the 

30 urinary traa include cxstoscopes. urahroscopes and reseaoscopes. The procedures of 
transurethal rescaion or \*aponsation of the prostate gland arc known as TURP and EVAP 
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rcspcciivdy. When there is no nalurai body opening through which an endoscope may be 
passed, ibe technique of triangulaiion is commonly employed. Triangulaiion is commonly 
used during underwater endoscopic surgery on joint cavities such as the knee and the 
shoulder. The endoscope used in these procedures is commonly referred to as an 
5 anhroscope. 

Elecirosurgery is usually carried out using either a monopolar instrument or a bipolar 
instrument. With monopolar clecaosurgcry. an aaive electrode is used in the operating 
region, and a conductive renim plate is secured to the patient's skin. Whh this 

1 0 arrangement, current passes from the active electrode through the patient's tissues to the 
external return plate Since the patient represents a signiftcant portion of the drcuii. mpui 
power levels have to be high (typically* 1 50 lo 250 wans), to compensate for the resistive 
current limiting of the patient's tissues and. in the case of underwater elcctrosurgery. 
power losses due to the fluid medhim which is rendered partially conductive by the 

1 5 presence of blood or other body fluids. Using lugh power with a monopolar arrangement 
is ibo hazardous, due to the tissue heaUi^ that occurs at the return plate, which can cause 
severe skin bums. There is also the risk of capacitive coupUng between the instrument and 
patient tissues at the cmr\' point into the body cavity 

20 With bipolar elcctrosurucry, a pair of electrodes (an active electrode and a return 
dectrodc) are used together at the tissue application site. This arrangement has advantages 
from the safety standpoint, due to the relative proximity of the two electrodes so that radio 
frequency currems arc Umited to the region between the electrodes. However, the depth 
of cffea is ttirecriy related to the distance between the two electrodes; and, in applications 

25 requiring very sm^ electrodes, the imer^ectrode spacing becomes very small, thereby 
Itmittng tissue efFea and the output power. Spacing the electrodes further apart would 
often obscure vision of the application site, and would require a modification in sur^ 
technique to ensure direct contact of both electrodes with the ussue. 

30 There are a nund)cr of variations to the basic design of the bipolar probe. For example, 
U S Patent Specification No.4706667 describes one of the fundamentals of the design. 
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namely that the rado of the contact areas of ihe return dearodc and of the active decirodc 
is greater than 7: 1 and smaller than 20: 1 for cuitii^ purposes. This range relates only to 
cutting electrode configurations. When a bipolar instrument is used for desiccation or 
coagulation, ihe ratio of the contact areas of the two electrodes may be reduced to 
5 appfoximatdy I : I to avoid diffisremial electrical su^sses occurring at the contaa between 
the tissue and the electrode. 

The electrical junction between the return elearodc and ossue can be suppoited by wetting 
of the tissue by a conductive solution such as normal saline. This ensures that the surgical 

1 0 effect is limited to the needle or active electrode, with the electric circuit between the two 
electrodes being completed by the tissue. One of the obvious linutations with the design 
ts that the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Another problem is one of the orientation: even a relatively small 
charge in applicarion angle from the ideal perpendicular contact with respect to the tissue 

1 5 surfecc. win change the contact area ratio, so that a surgical eflfect can occur in the tissue 
in contaa with the return electrode. 

Cavity distension provides space for gaining access to the operation site, to improve 
visuaiisaiioa and to allow for manipulation of instromems. In low vohime body cavities. 
20 panicularly where it is desirable to disiciid the cavity under higher pressure, liquid rather 
than gas is more commonly used due to better optical characteristics, and because it 
washes blood away from the operative site. 

Converaional underwater electrosurgery has been performed using a non-conductive liquid 
25 (such as 1 .5% glycine) as an irrigant, or as a distension medium io eliminate electrical 

conduction losses. Gycine is used in isotonic concentrations to prevent osmotic changes 

in the blood when imra-vascular absorption occurs. In the course of an operation, veins 

may be severed vviih resuham inftision of the BqukI into the droi^ 

among other things, a dihition of scrum sodium which can lead to a condition known as 
30 water intoxicanon. 



wo 97/48345 



PCT/GB97;01631 



The applicants have found that it is possible to use a conduaive liquid medium, such as 
normal saline, in underwater endoscopic dectrosurgery in place of non-conductive, 
ciecirolyie-free sohitions. Noanai saline is the preferred distension medium in underwater 
endoscopic surgery when dectrosurgery is not contemplated, or a noo-dectrical tissue 
5 effect such as laser ireatmem is being used. Aithoi^ nomial saline {0.9%w/v; I SOmmoW) 
has an dcctrical conductivity somewhat greater than that of most body tissue, ii has the 
advantage thai displacement by absorption or cxtra\-asation from the operative site 
produces little physiological effect, and the so-called waer intoxication effects of non- 
conductive, decirolyte-free solutions are avoided. 

10 

The applicants have developed a bipolar instrument suiuble for underwater dectrosurgery 
using a conductive liquid or gaseous medium This decirosurgical instnimcni for the 
ireatmem of tissue in the presence of a fluid medhim. comprises an instmment body having 
a handpiece and an instrument shaft, and an dectrode assembly at one end bf the shaft. The 
1 5 dectrode assembly compiiscs a tissue treatment dcarodc which is exposed at the extreme 
distal end of the instrument, and a return dectrode which is dectrically msuiated from the 
tissue treatment dectrode and has a fluid comaa surfece spaced proximaily from the 
exposed pan of the tissue treatmem dearode. In use of the instrument, the tissue 
treaimem dectrode is applied to the tissue to be treated whilst the return dectrode. bdng 
20 spaced proximaily from the exposed pan of the tissue treatment dectrode, is normally 
spaced from the tissue and serves to complete an dectrosurgicai current loop from the 
tissue treatment dectrode through the tissue and the fluid medium This decuosurgical 
insirumem is described in the spcdfication of our European Patent Application 
96918786.1. 

25 

The dectrode structure of this instrumem, in combination with an deciricallyH»nducuve 
fluid medium, largdy avoids the problenw experienced with monopolar or bipolar 
dectrosurgery. In particular, input power levda arc much lower than those gencraUy 
nccessaiy with a monopolar arrangement (typicaUy 100 watts). Moreover, because of the 
30 rdaiivdy large sparing between its electrodes, an miprovcd depth of effect is obtained 
compared with conventional bipolar artangemems. 
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An anhroscope elearode may be charaacrised as short ( 1 00 to 140 nun), and rigid wiih 
a working diameter up to 5 mm. It can be introduced through a stab incision into a joint 
cavity (with or without a cannula) using the triangulation technique. Such an elearode is 
operated with a motion which moves the electrode between the 9 O'Clock and 3 O Godc 
5 positions on the arthroscopic image. As a result, the tissue to be treated is usually 
approached at a shallow working angle with rcspea to the axis of the electrode. An 
arthroscopic electrode thus needs to have an effect consistent with this angled approach 
to the tissue. The tissue to be treated* such as meniscal cartilage, is commonly dense and 
of a high cicarical impedance. An anhroscope electrode requires output power and 
1 0 voltage settings that reflea the type of tissue being treated, the size of electrode, and the 
fact that arthroscopists are seeking a speed of effect comparable to that of the mechanical 
shaver devices they currently employ, albeit with an electrode of smaller dimensions than 
3 shaver blade for improved access. Joint spaces arc commonly small (the joint spaces in 
the knee being lypicatty 60 to 100 mis under fluid distension), and tissue often needs 
1 5 mechanical manipulation. Known monopolar arthroscopic electrode configiurations, 
therefore, are of a rigid construction, having angled hook or probe-tip configurations to 
produce cutting of high impedance tissue, and to connea to an ergonomic handpiece to 
aid tissue manipulation. 

20 The aim of ihe invemion is to provide an improved elecirosurgical instrument of this type 

The presem inveraioo provides an dectrosurgical instrument for the aeatment of tissue m 
the presence of an electrically-conductive fluid medium, the instrument comprising an 
instnimem shaft, and an electrode assembly at one end of the shaft, the electrode assembly 

25 comprising a tissue treatn>eni electrode and a return dectrode which is electncally 
insidatcd from the tissue ireatmem electrode by means of an insulation member, the tissue 
trcatmoit electrode having an exposed end extending laterally through a cut-out provided 
in the insulation member at the distal end portion of the instrument, and the return 
dearode havir^ a fluid contaa surface which overlies the msulation member iit the region 

30 of the cut-out, said fluid contact surface being spaced from the tissue treatnwm electrode 
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in such a manner as lo define in use. a conduaivc fluid path that completes an elearical 
circuit between the tissue treatment electrode and the return electrode. 

The invention also provides an dectrosurgical instrument for the treatment of tissue in the 
5 presence of an elccirically-conduclive fluid medium, the instrument comprising an 
instrument shaft, and an.elcarode assembly at one end of the shaft, the electrode assembly 
comprising a tissue ircaunem elcarode and a return electrode which is electrically 
insulated from the tissue treaunem electrode by means of an insulation member, the tissue 
treamiem dectrcdc having an exposed end extending laterally thrw^ 
JO in the insulation member, vvhcrtin the return dearodc has a distal end portion wth a fluid 
contact surface which overlies the insulation member in the region of the cut-out and faces 
laieraDy in a first direction, and wherein the insulation member projects lateraUy outwardly 
between said disul end portion and the tissue treatment clecaode, the tissue ireaunait 
electrode facing laterally in a second direaion opposite to said first direction. 

15 

The laieraUy-projeciinu part of the insulation member increases the conduaive fluid path 
length from the tissue trcatmem elcarode to the return electrode, and forces the dearie 
fidd outwardly, thereby preventing preferential arcing between the return dectrode and 
the nearest part of the tissue treatment clearode. and promoting arcing between the tissue 
20 treatment elcarode and the neighbouring tissue. 

The return dearode is spaced from the tissue treauncnt elcarode so that, in use, it does 
not comaa the tissue to be treated, and so that the dectricd circuit b always completed 
by the conduaive fluid, and not simply by ardng between the dectrodes. Indeed, the 
25 arrangcmem is such that ardng between adjacem parts of the dearode assembly is 
avoided, thereby ensuring that the tissue treatment electrode can bconne envdopcd in a 
vapour podtet so that tissue entering the vapour podcct becomes the prderred path fi»r 
current to flow back to the r«um dearode via the conduaive fluid. 

30 The elcctrosur^cal instrument of the invention is useful for dissection, resection, 
vaporisation, desiccation and coagulation of tissue, as well as for cond>mations of these 
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functions. It has a panieular applicaiion in anhroscopic surgeiy as it penains to 
endoscopic and percutaneous procedures peribnned on joints of the body including, but 
not limited to. such techniques as they apply » the spine and other non-synovial joints. 
Arthroscopic operatiye procedures may inchide: partial or complete meniscectomv of the 

S knee joint including mcniscal cystectonQr. lateral retinacular release of the knee joint; 
removal of anterior and posterior ciudate Ogaments or remnants thereof: labral tear 
resectioa aaomioplasty. buiseaomy and subacromial decompression of the shoulder joint; 
anterior release of the temperoman(fibular joint; synovectomy, cartilage debridemem. 
chondroplasty. division of imra-anicular adhesions, fracture and tendon debridement a$ 

10 applied to an>- of the synovial jomts of the body; inducing thermal shrinkage of joint 
capsules as a treatment for recurrent dislocation, subluxation or repetitive stress injury to 
any articulated joim of the body; disceciomy either in the treaimem of a disc prolapse or 
as part of a spinal fusion via a posterior or amerior approach to the cervical, thoracic and 
lumbar spine or any other fibrous joint for similar purposes; excision of diseased tissue; and 

IS haemostasis. 

The instrument of the invemion is also useful for dissection, resection, vaporisation, 
desiccation and coagulation of tissue, as well as combinations of these functions, with 
particular application in urological endoscopic (urethroscopy, cystoscopy, ureteroscopy 

20 and nephroscopy) and pereuianeoos surgery. Uiological procedures may include: elearo- 
vaporisation of the prostate gland (EVAP) and other variants of the procedure commonly 
referred to as iransureihral reseaion of the prosttte (TURP) including, but not limited to. 
imcrsutial aWation of the prostate gland by a percutaneous or peiurethral route whether 
peffbrmed for benign or maUgnant disease; tiansurethral or percutaneous resection of 

25 urinaiytrartnimours as they may arise as primary or secondary neoplasms, and further as 

they may arise anywhere m the urological tract from the calyces of the kidney to the 
external urethral meatus, division of strictures as they may arise at the pdviureteric 
junction (PUJ). ureter, ureteral orifice, bladder neck or urethra; correction of ureteroeoele; 

shrinkage of bladder diverticular, cystoplasty procedures as they penain to corrections of 
30 voiding dysfimction: thermally induced shrinkage of the pelvic floor as a corrective 
treatmem for bladder neck descent; exdsion of diseased tissue; and haemostasis. 



wo 97/48345 



PCT/GB97/01631 



8 

Suigical procedures using the elcctrosurgical instrument of the invention may also include 
introducing the electrode assembly to the surgical site, \\hether through an anificial 
conduit (a cannula) or a natural conduit, which may be in an anatomical body cavity or 
space, or oric created surgically. The cavity or space may be distended during the 

5 procedure using a fluid, or ntay be naturally held open by anatomical structures. The 
surgical «te may be bathed in a continuous flow of conductive tluid such as saline solution 
cither to fill and distend the cavity, or to create a locaHy-irrigated environment around the 
tip of the electrode assembly in a gas filled cavity. Tlie irrigating fluid may be aspirated 
from the surgical site to remove products created by application of the RF energy, tissue 

10 debris or blood The procedures may include simultaneous viewing of the site via an 
endoscope, or using an indirect visualisation means. An irrigated bipolar elcctrosurgical 
instniment is described in the spedficaiion of our Imernational Patent Application 
GB96/0I472. 

15 Advantageously, the exposed end of the tissue treatment electrode is constituted by a 
plurality of tissue comaa filaroemary members made of an eieciricaily-conductive material, 
the filamentary members being electrically connected to a common electrical supply 
conductor. 

20 In a preferred embodiment, a single coiled filament constitutes the filamentary members, 
the coils of the filament constituting the filamcmary members. The filament may have a 
diameter lying in the range of from 0,05 mm to 0 5 mm 

In another prefencd embodiment, a plurality of separate, individual filamcnu constitute the 
25 filamentary members. The ftamems may each have a length K-ing within the range of from 
0. 5 miri to 5 mm, and a diameter lying within the range of from 0.05 mm to 0. Sown. 

Preferably, the filamentary members arc made of tungsten, or of an alloy of tungsten or 
platinum. 

Alteroatively, the exposed end of the tissue contaa electrode is constituted by a mesh. 
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Prefmbly. the instniment fimher comprises suction means for applying a sub-atmosphenc 
pressure to the interior of the insulation member, whereby vapour bubbles produced in the 
region of the tissue treatment electrode are evacuated via the iniwior of the instrument. 

5 

Advantageously, the cut-out is formed in a lateral sur&ce of the insulation member 
adiacent to the distal end thereof In this case, the tnstiument can be used as a side-effect 
instrument. Altemaiivdy. the cut-out is formed c^liqudy across the distal end face of the 
insulation member, whereby the e?cposed end of the tissue treatment electrode has both an 
10 axially-facing tissue contact portion and a laterally-facing tissue contact portion. In this 
case, ihe instrument can be used as both an end-effect instrument and as a side-effect 
instrument 

Advantageously, the dimensions and configuration of the tissue treatment electrode, the 
1 5 fluid contaa surfecc and the insulation member arc such that, when the electrode assembly 
is immersed in a contJuctive fluid medium, the ratio of CO ^he length of the shonesi 
conductive path through the fluid medium between the fhiid contaa surface and that pan 
of the tissue treatment electrode which is furthest from the fluid contact surface, to (ii) the 
length of the shortest conduction path through the fluid medhim bet%vecn the fluid contaa 
20 surface and the tissue treatment electrode is at most 2 to I . 

Preferably, the laterally-projcctinij portion of the insulattoo member defines an insulation 
barrier to divert elearical current flow through the fluid medium thereby to increase said 
shonest conduction padi length between the fluid contaa surface and the tissue treatment 
25 dccnodc. The first direction may defmc a treatment axis, and said two shortest conductive 
paths may lie tn a comnwn plane containir^ the treatment axis. 

. The invemion also provides an elecurode unit for an electrosurgical instrument for the 
treatmem of tissue in the presence of an etectricaBy-conductivc Ihiid mcdhmi. the electrode 
30 unit coraprisii^ a shaft havirm at one eridn«an$ for connection to an instruiiierthandpic^ 
and, mourned on the other end of the shaft, an electrode as$cn*hr comprising a tissue 
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treatment clecuode and a return electrode which is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatmem electrode 
having an exposed end extending laterally through a cut-out provided in the insulation 
member, and the return electrode having a fluid conuct surftce which overlies the 
5 insulation member in the region of the cut-ouu said fluid contact surface being spaced from 
the tissue treatmem electrode in such a manner as to define, in use, a conductive fluid path 
that completes an electrical circuit between the tissue treatment electrode and the return 
electrode. 

10 The invention Rirther provides elecirosurgical apparatus comprising a radio frequency 
generator and an elcctrosurgical instrument for the treatment of tissue in the presence of 
an eleeiricaUy-conductK-e fluid medium, the instnmwm comprising an instrument shafk. and 
an electrode assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is elecuically insulated from the tissue 

15 treatment electrode by roeins of an insulation member, the tissue treatment electrode 
having an exposed end extending laterally through a cul-out provided in the insulation 
member at the distal end portion of the instiument. the return electrbde having a fluid 
contaa surface whidt overiies the insulation member in the region of the cut-out. and the 

radio frequency generator having a bipolar output connected to the electrodes, said fluid 
20 comact surface being spaced from the tissue treatment electrode in such a manner as to 
define, in use. a conductive fluid path that completes an elecrical circuit between the tissue 
treatment electrode and the return electrode. 

Advantageously, the radio frequency generator includes corarol means for varying the 
25 output power delivered to the electrodes, the comrol means may be such as to provide 
output potver in first and second output ranges, the first outptit range being for powering 
the dectrosurgical instiumcm for tissue desiccation and the second output range being for 
powering the dectrosurgical tnstrumem for tissue removal by cutting or vaporisatioa 
Com«niently. the first output range is from about 150 vohs to 200 vohs. and the second 
50 output range is from about 250 volts to 600 volts, the voltages being peak voltages. 
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Preferably, the control means is such as to akcmaic the output power between first and 
second powers in the first and sccoml output ranges. Alternatively, the control means is 
such as to pulse the output power at a power within the second output range. 

5 The invention will now be described in greater detaU, by way of otarople. with reference 
to the drawings, in which:* 

Figure 1 is a diagram showing an electrosurgical apparatus constnictcd in accordance 
with the invention; 

10 

Figures 2 to 6 are diagrammatic side elevations of the electrode asscmbhes of five forms 
of electrode unit consinicted in accordance with the invention; 

Figure 7 is a perspective view of a modified form of the electrode assembly of Figure 3; 

15 

Figure 8 is a perspeciwe view of part of the assembly of Figure 7; and 
Figure 9 is a cross-section taken on the lines A- A of Figure 7. 

20 Each of the electrode units described below is intended to be used with a conducive 
distension medhim such as normal saline, and each unh has a dual-electrode structure, with 
ihe conductive rnedsum acting as a conductor between the tissue being treated and one of 
the electrodes, hereinafter called the return electrode. The other electrode is appUed 
directly to the tissue, and is hereinafter caUed the tissue ueatmenl (active) electrode. In 

25 many cases, the use of a liquid distension medhim is preferable, as it prevents excessive 
electrode temperatures in most circumstances, and largely cfumnates tissue stickir^. 

Referring to the drawirw^ Figure I shows electrosurgical apparatus iochiding a generator 
I having an output socktt 2 providing a radio frequency (RF) output for an instrument in 
30 the form of a handpiece 3 via a connection cord 4 Activation of the generator I may be 
performed from the handpiece 5 via a control connection in the cord 4. or by means of a 
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footswitch unit 5. as shown, connecied separately to the rear of the generator I by a 
footswitch connection cord 6. In the ilhisirated embodiment, the footswitch unit 5 has two 
footswitches Sa and 5b for selecting a desiccation mode and a vaporisation mode of the 
generator I respectively. The generator from pand has push buttons 7a and 7b for 
5 respectively setting desiccation and vaporisation power levels, which are indicated in a 
display 8. Push buttons 9a are provided as an alternative means for selection between the 
desiccation and vaporisation modes. 

The handpiece 3 mounts a detachable electrode unit E such as the electrode units El to ES 
10 to be described below. 

Figure 2 shovrt. the Hrst form of electrode unit El for detachable fastening to the 
dectrosurgical instnimem handpiece 3. the electrode unit comprising a shaft 10. which is 
constituted by a semi-Hexiblc tube made of stainless steel or phynox electroplated in 
1 5 copper or gold, with an dectrode assembly 12 at a distal end thereof At the other end (not 
shown) of the shafl 10. means are provided for connecting the dectrode unit El to the 
handpiece 3 both mecbanically and electrically. 

The RF generator I (not shown in Figure 2) deUvers an dearosurgical current to the 
20 electrode assembly 12. The generator includes means for varying the ddivered output 
power 10 suit different dectrosuruical requirements. The generator may be as described in 
the specification of our European Patem Application 96304SS8.8 

The dectiode unit El indudes an aaive dectrode 14 which is constituted by a phtrdity of 
25 filamems made of tungsten or an dloy of tungsten or plalinum. The active (brosh) 
dectrode 14 is connected to the RF generator 1 via an insulated centrd copper conductor 
(not shown). A cerainic insulation sleeve 16 surrounds the central conductor, the filamems 
1 4a of the brush dectrode passing along the insulation sleeve and extewfing laterally 
thenAomthnMgb a cut^i 16a. A return dectrode 18. which is constituted by the distal 
30 end of the . instrument shaft, surrounds the proximal end of the sleeve 16. An outer 
insulating coating 20 (xvhich could be polyvinylidene Huoride. a polyimidc. 
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polytetrafluoroeihylene, a polyolefin. a polyester or ethylene ««rafl"oro«hyleiie) 
surrounds ihc proxiinal portion of the shaft ai^acent to the return electrode 18. The return 
dectrode 1 8 is fomed with a hood-like extension 1 8a which extends over the sur&ce of 
the sleeve 16 which is opposite to the cut-out 16a. The electtodc unit H can. thus, provide 
5 maximum tissue engagement for shaUovr working ai^e applications, and is known as a 
side-effect electrode. 

TOs e!ectrosut»cal insinimeni is parxiculariy useful for rapid tissue debulking. One of the 
problems which could be encountered when tissue is rapidly debulked using an 
lb arthroscopic electrode configuration, particulariy when working m small jt»nt spaces, is 
the production ofvapour bubbles generated as an end product of tissue vaporisation. Such 
bubbles obscure vision, and can coalesce at the site of tissue application, so that the 
electrical circuit bevMtea the active and rewro electrodes becomes compromised by the 
absence of conducriw fhiid. Intgular active electrodes having filamentaiy. mesh or coHed 
15 spring forms go some way to sotving iWs problem, as they reduce the vaporisatioa 
threshold as disclosed in the ipecifieatioit of our Imemational Patent Applicatioa 
GB97/00065. Another advantage of these electrode forms is that the bubbles generated 
by vaporisation are smaller than those formed by solid electrodes. As the biush electrode 
14 of this electrosurgical insttumeni is of irregular shape, it also has the advamage of 
20 producing relatively smaU vapour bubbles as the produa of tissue vaporisation. The 
production of vapour bubbles is. however, further reduced as a result of the lower 
threshold power of vaporisation which resubs from use of the electrode unit El. This 
improvemem results from the hood-like extension I8a of the return electrode 18 which 
extends ovw the back of the aaive electrode 14. This reduces the separation between the 
25 active electrode 14 and the retum electrode 18. thereby reducing the dectrical field a^ 

vaporisation threshold power of the active electrode. This enhances the speed of 
vaporisation of the tissue at a kwer power than would oiheivHse be retpiired for the given 

active electrode area, and hence reduces the fbnnatioo of vapour bubbles. As the hood-li^ 

extension 18a extends along the entire length of the aaive electrode 14. a large active 

30 electtode siae can be supported, despite the reduction in electrode separation. 
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The robustness of the dectrodc assembK' » 2 is also important in arthroscopic surgery, both 
because of the tendency of surgeons lo use an ciearodc assembly as a cold manipulator, 
and because of the riuid nature of the tissue to be treated - paniculariy bone and cartilage. 
The hood-Oke extension ISa adds mechanical strength to the electrode asscrnbly 12, as it 
5 extends over the ceramic insulation sleeve 16, thereby reducing the risk of ceramic fracture 
and potential breakdown of insulation. 

The decuodc unit El is intended primarily for use in arthroscopic surgery which requires 
rapid tissue debulking by vaporisation. In usa die elcctrosurgical instrument is manipulated 

10 to introduce the electrode assembly 12 into a selected operation site (for example, within 
the jotra space of a knee), so that the bnish electrode 14 coniaas the tissue lO be treated, 
and with the tissue and the decirode assembly immersed in saline. The fooiswitch 5b (or 
the push button 7b) is then operated to set the required power levd for vaporisation. The 
generator I then provides suffidcm RF power to the electrode assembly 12 to vaporise the 

1 5 saline surrounding the brush dectrodc 14, and to maimain a vapour pocket surrounding 
this elecuodc Using a brushing technique, with firm pressure M^ainst the tissue surto, 
rapid debulking of the tissue is achieved. Gently touching the tissue wiH reduce the effect, 
and can be used to sculpture and smooth the residual tissue surface. 

20 Because of its speed of dcbulkiiw and side-efFea configuration, the decirode unit El also 
has advantages in urological surgery as an EVAP technique for use in coi^unction with a 
rescctoscope. A rcseaoscopc decuode unit is introduced very differently, in that it is 
mounted on an endoscope prior to passage of the assembled instrument through a working 
sheath introduced via the urethra. The proximal end of the electrode unit is conneaed to 

25 a trigger assen^ly and an decirical comaa which is integral with the rcsectoscope. By this 
means, the dcctrode unh can be moved back and forth through a de6ned range of motion 
by operating the trigger mechanism. As the dectrode unit is assentbled prior to 
introduction, the size of the tip is not constrained by working charnid dimensions, but 
rather by the diameter of the working sheath which can be up to 10 mm. Pan of this 

30 diameter is occupied bv- the support wires to the dectrode unit, wrhidi wires arc conmtonly 
bent in a downvwd angle, with respect to the endoscopic image, to the working tip, so 
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that they do not interfere wiih either visualisation or its operation. The brush electrode 14 
can have a lenijth lying within the range of from 3 mmio 4 nun and a width lying in the 
rai^ of from 2 mm to 3mm. and this size is neccsary for urological surgery given that, on 
average, 20*30 grams of prostate tissue must be removed. 

5 

Because of the reservoir eflfea of the urinary bladder, and the mounting of the endoscope 
to view the tip of the active electrode from bdow, bubble generation during vaporisation 
is less of a problem during endoscopic urology* as the bubbles flow away from the 
endoscope to accumulate in the bladder. Nevcnheless. the use of the electrode unit £1 
1 0 substantially reduces the possibility of bubble generation causing problems. 

Although the decirodc unit El is intended primarily for use in the vaporisation of tissue, 
it can also be used for desiccation, particularly of synovial men^ranes or to separate 
musde attachments. In this case, once the electrode assembly 12 has been introduced imo 

15 a seleaed operation site, the RF generator 1 is aauated using the footiwitch 5a or the 
push button 7a to set the required power level for desiccation. The generator will then 
provide sufTiciem RF power to the decirodc assembly 12 to maintain the saline adjacent 
to the brush elearode N substantially at its boiEng point without creating a vapour pocket 
surrounding that elearode. The instrument can then be manipulated by moving the brush 

20 dccuodc 14 across the surface of the tissue to be treated in a sidc-to*side 'painting" 
technique. 

The electrode unit El can also be used for blending tissue. Thus, by automaticallv 
altemat'mg the output of the RF generator I between the desiccation and vaporisation 

25 power levels, more haemostasis is produced then is possible in the vaporisation mode. As 
a omsequencc. the speed of tissue debulking can be reduced, which is uscfid w^ 
or debuUdf^ vascular tissue stmctures. Atenativdy. the output of the RE generator I can 
be pulsed at the vaporisation power level without cycled activation of the desiccation 
mode. This produces a less aggressive tissue vaporisation than occurs in the vaporisation 

30 mode; with a conscqucm reduction in both bubble formation and the risk of tissue charring. 
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Figures 3 lo 6 sbow electrcxie units E2 to ES which are modified versions of the electrode 
unit El Accordingly, like reference numcrais will be used for like paru, and only the 
modifications will be described in detail. Thus, the active electrode 14 of the electrode unit 
E2 is a coiled-spring electrode mounted within the cut-out 16a. The coiled spring 
5 elearode 14 is made of tungsten or an alloy of tungsten or platinum, and its proximal end 
is coimected to the RF generator 1 via an insulated central copper conductor (not shown). 

The electrode unit E3 of Figure 4 is of "sputnik* form, having an active electrode 14 
constituted by a plurality of needle-like proihisions I4a extending from a thin metal base 

10 plate 14b mounted within the cut-out 16a in the insulation sleeve 16. Both the base plate 
14b and the protiusions Na are made of tungsten or an alloy of tungsten or platinum. The 
needle-like protrusions 14a are connected to the RF generator I via a common insulated 
central copper conductor (not shown). This unit E3 is less complex lo mamifaciurc as 
compared with the brush-iype form of the unit El, and will produce similar cffecU. 

1 5 Moreover, it allows for variations in the density of the needle-like protrusions 1 4a over the 
area of the base plate 1 4b. 

Figure 5 shows the electrode unit E4 having an active electrode 1 4 which is constituted by 
a mesh made of tungsten or an alloy of tungstai or platinum This electrode unit E4 can 

20 be provided with a suction pump ( not shown) which can remove vapour bubbles via the 
shaft of the instrument through the active electrode 14 This enhances the elimination of 
vapour bubbles Irom an operation site, whidi is panicularly aUvantagcous during 
aggressive tissue debulking. The suction pump must be controlled so that the flow of 
bubbles through the dcctrode 14 is balanced to the output characteristics of the RF 

25 generator I to prevent excessive cooling of the active electrode and a resultant increase 
in its vaporisation power threshold. The thermal mass of the mesh active electrode 14 is 
lower than that of a solid form acrive electrode and this assists in rapidly re-establishing 
the vapour pocket around the active electrode should this collapse following excessive 
cooling. The control means for the suaion pump may involve the use of an miermittent 

30 suction technique. 
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Figure 6 shows the electrode unh E5 having an aaive electrode 14 of the coUed spring 
type. Here, however, the cm-oui 16a is formed obliquely (at 45*1 across the distal end face 
of the insulation sleeve 16. so that the exposed end of the acti\-e electrode 14 has both an 
axially-facing tissue contaa portion and a latcraily-fadng tissue coniaa ponion: The tip 
5 oftheoMiedelecirode 14 b also angled at 45 degrees lo the axis of the insmimeni, so that 
this electrode unit is both an end-effect electrode and a side-effcrt electrode. The main 
advam^e of this electrode unit E5 is that it can be used in conjunction with endoscopic 
surgery techniques which require working channel introduction. 

10 The Tigurcs 7 lo 9 show a modified form of the electrode unit E3 of Figure 3. This 
electrode unit £2* has an active elearode 14' in the form of a coiled-spring electrode 
mounted within a cut-out I6a* in the insulation member 16V The coiled-spring electrode 
14* is made of tungsten or an alloy of tungsten or platinum, and its proximal end is 
amncaed to the RF generator by an insulated central copper conduaor (not shown). As 

1 5 shown *m Figure 8, the insulation member 1 6' is formed with a recxss t6b' which receives 
the return electrode 1 8* and its extension 1 8a' (not shown in Figures 7 and 8) 

As shown in Figure 9. the active electrode 14' has a distal end portion which is exposed at 
the distal end of the insuument for tissue comact. This embodiment has advantages over 
20 ihe cariier embodiments, paniculariy where access is needed to remote areas of a joim 
caviiy Thus, in such remote joint cavity areas, the extension of the insulation member 1 6 
of each of the embodimenis of Figures 2 to 5 may prevent the associated active electrode 
1 4 accessing these areas. 

25 Figure 9 ilhistraies the way in which the insulation member 16* projects laterally in the 
r^on between the active electrode 14' and the extension 1 8a* of the rcnim electrode 1 8*. 
This lateraUy^jrojecting part of the insulation member 16^ increases the conductive fluid 
path length from the active cfectrodc 1 4' to the return electrode 1 8', and forces the electric 
field outwardly, thereby preventing preferential arcing between the return electrode and 

30 the nearest part ofthe active electrode, and promoting arcing bttww 

and the neigM>ouring tissue. The return electrode 1 8' is spaced from the active electrode 
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14* so that, in use, it docs not contact the tissue to be treated, and so that the electrical 
circuit is always completed by the saline, and not simply arcmt* between the dectrodes. 
Indeed, the arrangement is such that arcing between adjacent parts of the electrode 
assembly is avoided, thereby ensuring that the aaive electrode 14' can become enveloped 
5 in a vapour pocket, so that tissue entering the vapour pocket becomes the prderred path 
for current to flow back to the return electrode 1 8* via the conductive fluid. 

To consider the operation of the electrode unit E2' in more detail, when it operates in a 
tissue cutting or vaporising mode, a vapour bubble is formed around the tip 14*a of the 

10 active electrode 14* This tip I4'a constmites an active electrode treatment ponion. This 
bubble is sustained by arcing within it. The greater the applied voltage, the greater is the 
size of the bubble. The enean* dissipated by each arc is impedance-limited by the remaining 
fluid in the conduction path and by the source impedance of the generator. However* an 
arc behaves as a negati\'e impedance in that, if the energy in the arc is sufficiently high, an 

1 5 ionised path of very tow impedance is formed. This can lead to an unstable condition of 
ever-decreasing ionised path impedance unless the impedance of the fluid between the 
bubble and the return electrode 18* is suffident to aa as a limit on dissipated power. It is 
also possible for the vapour pocket around the active electrode treatment portion 14*a to 
encroach the return electrode 1 S* In these circumstances, ihe arc energy is limited only by 

20 generator source impedance, but such power linnitation is poor and cannot be adjusted 
according to electrode size. For these reasons, the dimensions and configuration of the 
insulation member 16 should be such as to define a minimum conduction path length of 
1mm between the active electrode treatment ponion 14'a and the fluid contact surface of 
the rcium electrode I S* This minimum path lem^h is. in the case of the embodiment shown 

25 in Figure 9. the arc length a of the insulation member 1 6' plus the step dimension c of the 
laterally-projecting part of the insulation member. 

A further consideration is the possibility of a vapour pocket forming only over part of the 
exposed treaimem ponion 14*a of the active electrode 14' When the applied voltage and 
30 power are suffidouly high* a vapour pocket will form around the active electrode exposed 
treatment ponton I4'a Preferably, the pocket is formed uniformly over the emire length 
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of the ireaimem ponton. In such a situation, the load impedance presented to the generator 
can change by as nnich as a factor of 20. However, when there are sigiuficant differences 
in the conduction path length between the return electrode fluid coniaa surface 18a* and 
different parts of the exposed active dectrode treatment pmion 14'a, a voltage gradient 

5 is faabltshed over the length of each electrode. With some insulation member and active 
electrode configurations, the voltage gradient can be sufRdently large to enable vapour 
pocket formation only over that pan of the exposed treatmcm ponion closest to the fluid 
conuct surface, leaving the extreme distal end of the exposed treatmcm portion still in 
contact with the conductive fluid. Thus, the voltage gradient is established within the 

1 0 conductive fluid where the edge of the vapour pocket intersects the surface of the active 
electrode treatment portion I4*a. The electrical behaviour of such a partially-envdoped 
active eiearode treatmem ponion I4*a is very different from that of a fully-enveloped 
treaunent ponton In terms of controlling generator output by sensing peak voltage, the 
behaviour of the elecaode assembly .s no longer bistable. However, the power demand is 

15 considerably higher as a result of the vaporisation voltage presemed across the tow 
impedance wetted re^on of the active dectrode treatment ponion I4*a. The clinical effect 
is not only the required vaporisation, but also an undesirable thermal damping effect 
resulting from the increased power dissipation. 

20 Partial cnvdoping of the active clearode treatment ponion I4*a can be largely avoided by 
ensuring that the ratio of the length b of the conduaK-e path between the fijrthermon poim 
of the active electrode treatmem ponion and the length of the shortest conductive path 
between the active electrode treatmem ponion aiul the fluid contact surface is at most 2: 1 , 
ie h/(a+c) s 2. The laierally-projecting portion of the insulation member 16* defines an 

25 insulation barrier to direct dectrical current flow through the fluid medium, thereby 
increasing the shonest conductive path between the fluid contan surface I8'a and the 
active dectrode 14' 

It will be noted from Figure 9 that the downward extent of the exposed active dectrode 
30 treatmem ponion. ie. the distance d by which the active dectrode projeas beyond the 
shrouding paiu of the insulation member 16* on each side, is at least one half of the width 
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of the exposed trcaimem ponion in a iransversc plane. This allows the insmiment to be 
rotated about the axis of its shaft to some extent whhoui losing the required surgical effect. 

Figure 9 also shows that the active eicarode 14' has an exposed end (the lip U'a) which 
5 extends laterally through the cut-out 16'a in a first direaion which is opposite to the 
direction in which the fluid contaa surface 18a* faces. This first direction defines a 
treatment axis which lies in a common plane with the two shortest conductive paths 
referred to above. The electrode units of the cmbodhncnts of Figures 2 to 6 also include 
this feature. 

10 

It should be noted that the insulation member 16 of each of the embodiments of Figures 
2 to 6 also has laterally-projecting part which increases the conductive fluid path length 
from the active electrode 14 to the rcnim electrode 1 8. These electrode units also are such 
that the ratio of the length of the conductive path between the furthermost point of the 
1 5 active electrode ircannent portion and the fluid contact surface of the retunj elearode, and 
the lei^ of the shortest conductive path between the aaive dearode treatment portion 
and the fluid contaa surface is at most 2 1. 

In order further to improve access to remote joint cavity areas, the distal portion of the 
20 electrode shafl of each of the embodimems described above could be angled, say between 
15* and 30", with respect lo the main portion of the instrument shaft. In a further 
modification, titanium could be used as the material for each of the active electrodes. 

It will be apparent that modifications could be made to the embodimems described above. 
25 For example, the embodiments of Figs I to 4 and 6 could each be provided with a suction 
pump for removing vapour bubbles via the shaft of the instrument through the active 
electrode. It would also be possible to make the insulation sleeve 16 of each of the 
embodimems of a sUiconc nibber (such as a silicone polyureihane), glass, a polyimide or 
a thermoplastics material. 

30 
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CLAIMS 

1 . An decirosurgical instrument for the treatment of tissue in the presence of an 
electricaily-conductive fluid medium, the instniroent comprising an instrument shaft, and 

5 an etecirodc assembly at one end of the shaft, the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated from the tissue 
treatment cicarode by means of an insulation member, the tissue treatment electrode 
having an exposed end extending laterally through a cut-out provided in the insulatioii 
member at the distal end portion of the instnimem, and the return electrode having a fluid 

1 0 comaa surKace which overlies the insulation member in the region of the cut-out, said fluid 
contact surface being spaced from the tissue treatment electrode in such a manner as to 
define, in use, a conductive fluid path that completes an electrical circuit between the tissue 
treatment electrode and the return electrode. 

15 2. An electrosurgical instrument for the treatment of tissue in the presence of an 
electrically-conductive fluid medium, the instmment comprising an instrument shaft, and 
an electrode assembly at one end of the shaft, the electrode assonbly comprising a tissue 
treatment electrode and a return etectrode wWch is electrically insulated from the tissue 
treatment electrode by means of an insulation member, the tissue treatment electrode 

20 having an exposed end extending laterally through a cut-out provided in the insulation 
member, wherein the return elearode has a distal end portion whh a fluid comaa surfoce 
which overlies the insulation member in the region of the cut-out and faces laterally in a 
first dtrection. and wherem the insulation member projects laterally outwardly between said 
distal end portion and the tissue treatmem electrode, the tissue treatroem dectrode facing 

25 laterally in a second direction opposte to said first direction. 

3. An electrosurgical instrument as claimed in claim 1 or claim 2, wherein the exposed 
end of the tissue treatment electrode is constituted by a plurality of tissue contact 
filamentary members made of an dectricaUy-conductive material the filamentary members 
30 bdng dectrically connected to a common dectrical supply conduaor 
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4. An dcctrosurgical instmmcm as claimed in daim 3. wherein a sin^e coiled filament 
constimtes the filamentary members, the coUs of the filament constitutins the filamentary 
members 

5 s. An dcctrosurgical instnimem as dairaed in claim 4. wherein the fil^ 
diameter lying wiiWn the range of from 0.05 mm to 0.5 mm. 

6. An etaarosurgical insmimem as clahned in claim 3. wherein a pluraBiy of separate, 
individual filamems consthute the filarocntaiy memberv 

io 

7 An dearosuruical instrumem as dwmed in claim 6. wherein the filaments ead» 
have a length lying wiihin the range of from 0.5 mm to 5 mm. 

8. An dectrosurgical instrumem as daimed in claim 6 or daim 7, wherein the 
1 5 eiamems each have a diameter lymg wthin the rsnge of from 0.05 mm to 0.5 mm. 

9. An decttosurgical msttwnem as daimed in any one of daims f to 8. whawn the 
' filamentary members are made of tungsten. 

20 10 Andectrosur5!icalinstnimenta$daimedinanyoneofclaims3io8.wher«nthe 
rilamentar>- members arc made Of an alloy of tungsjen or platinum 

II. An dectfosurgicdinstnmaem as claimed in daim I or daim 2. wherein the exposed 
end of the tissue comact electrode is constituted by a mesh. 



25 



12. An dectrosurgical instrumem as claimed in any one of daims I to U. further 
compnsii>g sucdon means for applying a sub^imospheric pressure to the interior of the 
Uaulation member, whereby vapour bubbles produced in the region of the tissue treatmeM 
dearode are evacuated via ihe imerior of the instrument. 
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13. An eicctrosurgical ins^ment as claimed in any one of claims I to 12, wherein the 
cut-out is fonncd in a lateral surface of the insulation member adjacent to the distal end 
thereof. 

S 14- An electrosurgical tnstniment as claimed in any one of daims I to 12, wherein the 
cut-out is formed obliquely across the distal end fece of the tnsulaxton member, whereby 
the exposed end of the tissue treatment dectrode has both an axially-fadng tissue conuct 
portion and a lateraiiy-factng tissue contact portion. 

10 15 An electrosurgical instrument as claimed in any one of claims 1 to 14. wherein the 
dimensions and configuration of the tissue treatment electrode, the fluid comact surface 
and the insulation member arc such that, when the electrode assembly is immersed in a 
conductive flmd medium, the ratio of (i) the length of the shortest conduction path through 
the fluid medium between the fluid conua surface and that part of the tissue treatmem 

1 5 electrode which is furthest from the fluid contact surface, to (li) the length of the shortest 
conduction path through the fluid medium between the fluid contact surfece and the tissue 
treatment electrode is at most 2 to 1 . 

16. An elearosurgical instnmicm as claimed in claim 15, wherein the ratio of (i) the 
20 length of the shortest conduction path through the fluid medmro between the fluid contact 
surface and thai pan of the tissue treatment electrode which is furthest from the fluid 
contact surface, to (ii) the lemjth of the shcmest conduction path through the fluid medium 
between the fluid coniaa surface and the tissue treatineni electrode is greater than or equal 

to 1.25. 

25 

17 An dccirosurgical instrument as claimed in claim 15 when appendam to claim 2, 
wherein the laterally-projeciins portion of the insulation member defines an insulation 
barrier to diven electrical current flow through the fluid medmro thereby to increase said 
- shortest conduction path length between the fluid contact surface and the tissue trcaunent 
30 electrode. 
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1 8. An clecirosunpcal insinimcm as claimed in claim 1 7. wherein the first direction 
defmes a treatment axis and said two shorten conduaion paths lie in a common plane 
containing the treatment axis. 

5 19. An deorosurgicai insmimeni as claimed in any one of claims I to 1 8» wherein, in at 
least one transverse plane extending in the first direction the tissue treatment electrode 
projects beyond the insulation member in the first direction by a distance which is at least 
one half of the transverse width of the projecting part of the tissue treatment electrode. 

10 20. An electrosurgical instrument as claimed in any one of cteims I to 1 9, wherein the 
dimensions and configuration of the tissue treatmem electrode, the fluid contact surface 
and the insulation member are such that, when the electrode assembly is immersed in a 
conductive fluid medium, the length of the shortest conduction path through the fluid 
medium between the fluid contact surface and the tissue treatment electrode is at least 

15 Imm. 

21. An electrosurgical instrument as claimed in any one of claims I to 20, wherein the 
return electrode is m the form of a generally cylindrical conductive sleeve with an exposed 
sur&ce portion having a length and a diameter, the length of the exposed surface portion 

20 being at least as great as the diameter, and wherein, when the dectrode assembly is 
immersed in a conduaive fluid medium, the ratio of (i) the shortest conduction path 
through the fluid medium between the fluid contact surface and that part of the tissue 
treatmem electrode which is furthest ft-om the fluid contaa surface, to (v) the diameter of 
the exposed surface portion of the return electrode, is at most 4.5 to 1 

25 

22. An electrode unit for an electrosurgical instnmwni for the treatmem of tissue *m the 
presence of an electrically-conductive fluid medium, the electrode unit comprinng a shaft 
havir^ at one end means for connection to an instnmtem handpiece, and, mounted on the 
other end of the shaft, an electrode assembly compriwtg a tissue ucatmcnl electrode and 

30 a return electrode which is electrically insulated from the tissue treatment electrode by 
means of an insulation member, the tissue treatment electrode having an exposed end 
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extending iateraity through a cut-out provided in the insulation member, and the return 
electrode having a fluid contact surface which overiics the msuiation member in the region 
of the cut-out, said fluid contact surface being spaced from the tissue treatment dcctrodc 
in such a manner as to define; in use. a conductive ftiiid path that completes ah eJcctricai 
5 circuit between the tbsue treatmem electrode and the return electrode. 

23 . An eleacode unit ft>r an dectrosurgical instnimeni for the trcauneni of tissue in the 
presence of an deciricaJIy-conducii\*e fluid medmnu the dectrode unit comprising a shaft 
having at one end means for connection to an instrummt handpiece, and, mounted at the 

10 other end, an electrode assembly comprising a tissue treatment dectrode and a return 
dectrode wlBch is decuically insulated from the tissue veatmem dectrode by means of an 
insulation member, the tissue treatment dectrode having an exposed end extending 
laterally through a cut-out provided in the insulation member, wherdn the return dectrode 
has a distal end portion with a fluid conuct surface which overlies the msuiation member 

15 in. the region of the cui-out and feces laterally in a first direction, and wherein the insulation 
member projects laterally outwardly between said distal end portion and the tissue 
treatmem dectrode, the tissue treatmem electrode facing Itteraily in a second direction 
opposite to said first direaion. 

20 24 Electrosurgical apparatus comprising a radio frequency generator and an 
electrosurgical instrumem for the treatment of tissue in the presence of an decirically- 
conductfve fluid medium, the instrument comprising an instrument shaft and an dectrode 
assembly at one end of.the shaft, the dccuode as$eo*ly compriang a tissue treatmem 
dectrode and a return dectrode which is decirically insulated fi^om the tissue ireaunent 

25 dectrode by means of an insulation member, the tissue treatment dectrode having an 
exposed end extendixq fateraOy through a cut-out provided in the insulation member at the 
distal end portion of the instrument, the remra dectrode having a fluid contact surface 
wtadi overlies the insulation nwmber in the region of the cut-ouu and the radio frequency 
generator having a bipolar output connected to the dectrodea, said fluid contaa surface 

30 being spaced from the tissue treatmem dectrode in such a manner as to define, in use, a 
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conductive fluid path that comfdetes an electrical circuit between the tissue treatment 
electrode and the return electrode 

25. Electrosurpcai apparatus comprising a radio frequency generator and an 
5 electrosurgical instrument for the treatment of tissue in the presence of an dectrically- 
conductive fluid medium, the instiumem comprising an instrument shaft, and an electrode 
assembly at one end of the shaft, the electrode assembly comprising tissue treatmem 
electrode and a return electrode which is deciricaUy insulated ftian the tissue treatmem 
electrode by means of an insulation member, the tissue treatmem electrode having an 
10 exposed end extending laterally through a cut*out provided in the insulation member, 
wherein the return electrode has a distal end ponion with a fluid comact surfece which 
overlies the insulation member in the region of the cut-out and faces laterally in a first 
direction, and wherein the insulation member projecu laterally outwardly between said 
distal end pwtion and the tissue treatment electrode, the tissue treatmem electrode ftdng 
1 5 laterally in a second direction opposite to said first direction. 

26. Apparatus as claimed m daim 24 or claim 25, wherein ttft radio frequency 
generator includes control means for varying the output power ddivered to the dectrodes. 

20 27. Apparatus as claimed in daim 26, wherdn the comrol means is such as to provide 
output power in first and second output ranges, the first output range being for powering 
the electrosurgical insinimem for tissue desiccation, and the second output range bong for 
powering the dectrosurgical insirumem for tissue removal by cutting or vaporisation. 

25 28. Apparatus as claimed in daim 27, wherein the fint output range is from about 
140 volts to 200 volts, and the second output range is from about 250 volts to 600 vdta, 
the voltages bdng peak voltages. 

29. Apparams as claimed in claim 26 or daim 27, wherein the comrol means is such 
30 as to alternate the output power between first and second powers in the first and second 

output ranges. 
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30. Apparanis as claimed in claim 26 or claim 27, wherein ihc control means is such 
as lo pulse the output power at a power within ibc second output range. 
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CLAIMS 

1. An dectrosurgical instmment for the treatment of tissue in the presence of an 
decmcally-conductive fluid medium, the instrument conq)risiniK an instrument shaft, and 

5 an decxrode assembly at one end of the shaft the electrode assembly comprising a tissue 
treatment electrode and a return electrode which is electrically insulated fix>m the tissue 
treatment electrode by means of an insulation member, the tissue treatment dearode 
having an exposed end extending laterally through a cut-out provided in the insulation 
member at the distal end portion of the instnmtent, and the return dectrode having a fluid 

10 comaa surface wluchoverfies the insulation inember in the region of the cut-<^ saidfhiid 
contact surface bdng spaced from the tissue trcatmem dectrode in such a maimer as to 
define, in use. a conductive fhiid path that completes an dearical drcuit between the tissue 
treatment dectrode and the return dectrode. 

15 2. An dectrosurgical instrument for the treatment of tis»ie in the presence of an 
electrically-conductive fhiid meditnn. the instnmtem comprisii^ an instnimem shaft, and 
an dectrode assembly at one end of the shaft the dectrode assembly comprising a tissue 
treatment electrode and a return dectrode which is dectricdiy insulated from the tissue 
treatment dectrode by means of an insulation member, the tissue treatment electrode 

20 having an exposed end extending laterdly through a cut-out provided in the insulation 
member, wherdn the return electrode has a distd end portion with a fhiid comaa surface 
which overlies the insulation member in the region of the cut-out and &ces laterally in a 
first direction, and wherein the insulation nwmber projects lateraUy omwa^ 
<fistd end pmion and the tissue treatmem dectrode, the tissue treatmem dectrode facing 

25 laterdly in a second direaion opposhe to said first direction. 

y. An dectrosurgical instrument as daimed m claim 1 or claim 2, wherdn the exposed 
end of the tissue treatment dectrode is constituted by a phtrality of tissue contact 
filamentary members made of an dectricaOy-conductive material, the filamentary members 
30 bdng electricdiy connected to a common dectricd supply conductor. 



